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| colloiding agente.
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SUMMARY

L 1. The ususl procedure by which cellulose nitrate is con-
verted into smokeless powder grains 1e described in some

detail.

2. Although serious reference is made to the behavior of the
extruded grains during solvent removal, attention is directed f
principally to the colloiding step preparatory to the extru-

sion of the colloided masse.

. Z, Literature search and interviews were concerned chiefly
with items relating to:
f‘ (a) A more uniform colloid.
(p) Advantages that may result from a better choice of
(¢) The influence of cellulose nitrate viscosity in

golvents on the behavior during extruslion and on
the properties of the finished grainse.

T

(d) Volumetric shrinkage when solvent 1s removed from
"green" powder.

(e) Any peculiar behavior of wood cellulose nitrates
! as contrasted with cotton nitrates when colloided
| and converted into powder grainse

4, Most of the published investigations that bear on one or

more of the above subjects have been made in laboratories out-

R

1

I

i~ eide of the United States and under conditions that are not
| directly applicable to present day schedules of the Army and
{ the Navy. Much of the published work suggests lmportant ex-
perimentsl programs with nitrate compositions and with plas-

ticizer practice that are prevalent in this country.




5. Except for the introduction of FNH powders, very little
advance has been made 1in the technology of colloiding the

cellulose nitrates.

6., Polarized light and X-ray examination reveal that the

powder gralns as now produced ere for the most part hetero-
geneous 1in compositlon; If a more homogeneous structure 1s
beneficial, new methods must be sought to achleve this ob-

jective.

7. Although there 1s some difference of opinion regarding

the relative importance of the nitrate viscosity on subse-

quent operations, 1t 1s generally conceded that present

knowledge glves no gerious evidence that low viscosity prod- |

ucts are wholly unsultable. The fact that the wood cellulose

can be nitrated to yield products of high viscosity would

seem to make the problem less important than 1t had originally §
|

appeared.

g. No data were found to follow the progressive changes 1n |
volume as "green" powder 18 freed of solvent. Some have ex-

pressed the thought that ununiformity of shrinkage (distortion

¢f shape) was more of a problem than shrinkage of total

volume. Total shtinkage 1s related to total solvent used 1in

colloiding. Distortion of shape 1s related to manner in

which the solvent leaves the graine

9. It is the opinion of most of those who were interviewed

that wood cellulose ahould offer no unusual problem in the
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colloiding step if proper adjustment of solvent 1s made to
compensate for a different plasticity of colloided mass. The
powder gralns of wood célluloae origin have been somewhat
more brittle than in the case of the cotton products. Some
believe that if needed this can be rectified by using a more

refined wood fiber as a nitrating base.

10. This study hes impressed the writer with the scarclity of
direct knowledge relating to the subject and with the probable
importance of unstudied phases of the problem. In view of
this, a "questionnaire" has been prepared. It precedes the
appendix end 1s submitted with the hope thaet 1t will stinmulate
further thought both in connection with current plant practice

and in any new development work that 1s undertaken.
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RECONMENDATICONS

1. In a large degree the recommendations that were made 1in

a preceding report entitled Wood Cellulose Nitrates for

Munitions apply equally well here.

2. An advance will be made 1f a comprehensive experimentsal
program results in:

(a) A more uniform product both in respect to keeping
quelity and ballistlic properties.

(b) A more rapid colloiding process.

(¢c) Less solvent coste

(d) Greater capacity of extrusion presses.

(e) More efficient and more rapid solvent recovery.

(f) A completely satisfactory processing with wood cel-

lulose nitratese.

3. It is recommended thet the various items of the "question-
naire" undergo a critical review and that other pertinent
auestions be added. Those entries which in the judgment of
the severel reviewers appear most important may then be in-

corporated in the experimental 1investigations to follow.

‘I
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INTRODUCTION

This report is primarily concerned with the colloiding
step by which nitrocellulose 1s prepared for extrusion into
powder gralns. Although there have been occasional instances
of peculiar behavior of the cotton nitrates when so processed,
this study was prompted largely because of new factore that
were encountered when the wood nitrocelluloses are simlilarly
handled.

The investigation has been in the form of a literature
cearch and a series of interviews with men who have had con-
eiderable experience in the manufacture of smokeless powder
and who have recently had the opportunity to witness the op-
erations when carried out with a wood cellulose base. Men
go interviewed included Dr. Hale and representatives of the
Picatinny Arsenal, Dr. Farnum of Indlanhead, as well as Dr.
C. G. Storm of the Army Ordnance. The subject matter was
also discussed with selected members from the technical staffs
of the duPont Compeny, the Hercules Powder Company, the East-
man Kodak Company, and the Western Certridge Company. In-
formation relating to the principles that underlle the
mechanism of cellulose ester swelling by means of solvents
was also sought from certain faculty members of both Harvard
and M.I.Te. The author of this report has formulated a number
of items which appear as a questionnalre which 1s intended to
stimulate a more intense review and discussion. Some of the
more important abstracts have been forwarded to Dr. Pauling

together with a copy of the cuestlonnaire that forme part of

g i T S




this report.

Much of the information asppears 1in fragmentary form and
opinions regarding the principles involved are frequently a
matter of conjecture. Reports are in some cases contradic-
tory. The few facts appear incomplete and disj)ointed. Sug-
gested lines of approach are indicated. Some of these proposed
methods are little more than guesses; others may already have
received some sttention. If the problem has serious and prac-
tical importance to Justify the work, 1t 1s evident that a
comprehensive experimental progrem nust be undertaken to es-
tablish the fundamental principles by which many of the ex-
periences will be further explained and interpreted. Dre
Pauling has initiated such a program. It will prove helpful

to supplement the laboratory investigation by an accumulation

of additional 3data in the smokeless powder plant itself.

T
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DESCRIPTION OF MANUFACTURING

PROCESS AND PRODUCT

The Colloiding Step

The purpose of the colloiding step is to creste a con-
dition that will enable the operator to convert the fibrous
mass of nitrocellulose into a non-fibrous plastic which can
then be worked into powder grains of specifled dimenslons and
design. This is accomplished by pre-swelling the nitrocellu-
lose with sultable solvents and by subjecting the solvent
treated mass to a series of high pressure manipulations which
ultimately take the form of an extrusion through dies of pre-
ecribed désign. The preliminary mixing is done in a machine
that resembles a dough mixer. Ordinarlly about an equail
welght of solvent is added to the nitrocellulose and the mix-
ture is worked for a period of 20 to 60 minutes to assure
complete wetting of the fibrous nitrate. The loose mass 1s
then transferred from the mixer and formed into a solid cake
by hydraulic pressure. Normally the product at this stage
is a smooth compact colloid with a clear amber color. A few
white spots are usually discernible and are caused by ailr
bubbles. These are eliminated by further processing through
a macaroni press in which the colloid is forced by pressure
through small holes and the macaroni-like strings are agailn
collected and reformed into what is known as the powder cake.

The powder cake is fed through the die press under 2000

to 3000 pounds per scuere inch pressure from which the ma-

terial emerges as a continuous cord or cylinder having a
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dlameter and web such that when ultimately freed from sol-

vent 1t takes on the specified dimensions of the powder graln
that is being made. In the case of the layer grain powder

the die 1s so constructed that the extruded continuous cylinder
is perforated in a manner that is 1llustrated by the sketch
which is attached.

Aside from the matter of chemlcal stabllity, solubllity
in selected solvents, and the like, a nitrocellulose is Judged
to be satisfactory for colloiding and for conversion into
powder grains when

(1) 1ite properties are such that the preliminary dis-
tribution of solvent is satisfactorily achieved;

(2) the nitrocellulose is sufficiently uniform so that
for a given graln size 1t 1s unnecessary to make frequent
changes in the percentage of etrer-slcohol used or in the dile
glze;

(3) the colloided block i1s clear and homogeneous;

(4) extrusion takes place without breakage of deforma-
tion of the expelled strang;

(5) the shrinkage of powder grains 1s uniform and pre-

1ctable when solvent is removed;

(6) the powder grains have a physical strength and
toughness that withstands breakage when handled;

(7) rate of burning of powder grains and the balllistic

properties are normale.

Operating Procedure

Stabilized nitrocellulose 1s dehydrated By forcing alcohol
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through the compacted nitrocellulose cake. Alcohol serves
first as a means for displacing the water and finally as &
dehydrating agente.

According to War Department Manual on Military Explo-
sives, TM 9-2900, the amount of ether-elcohol gsolvent that 1s
used for the colloiding step js prescribed by the size of the
powder that 1s to be mede. Thus powder for a 30 caliber gun
demands 105 per cent golvent, a powder that has a wed thick-
ness of .025 inch requires 100 per cent solvent, and a powder
whose web is .185 inch calls for 85 per cent gsolvent. The
different percentages, depending upon the gize of graln, are
very probably related to the shrinkage differences as ceused
by rate of solvent removed from the lnner portions of the
grain.

The residual alcohol in the press cake at the dehydrating
press 1s controlled. The ether 1is8 added in the mixer 1in an
amount which when blended with the residual alcohol that 1s
in the dehydrated cake will yield & combined solvent that
contains two parts of ether to one part of alcohol by volume.
In some instances the alcohol content of the cake from the
dehydration press 18 deliberately reduced and sone alcohol 1s
added to the ether that goes 1into the mixer. Prior to the ad-
dition of the ether, the nitrocellulose block 1s disintegrated
in a block bresker in which the dense cake 1s pulled apart
into small agsregates which are more suitable for the subse-
ocuent mixing operation. Time of mixing is specified at the
shorteet period consistent with good mixing and gswelling of
the individuel nitrocellulose fibers. This will be discussed

more fully.
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The actual mixing with the solvent 1s accomplished in a
two-armed mixer that resembles the machine that is ordinarily
used in preparing soda cellulose in the viscose industry.

The mixer is water cooled. At Indianhead the Jacket water 1s

reported to be from 55 to 650F. The machine is tightly fitted

to avoid solvent loss. One-half to one per cent of diphenyl
amine is added with the ether. The amine functions as a
stabilizer for the nitrocellulose. If plasticizers are to be
used as in the case of the FNH powder, the dibutyl phthalate
and the dinitro toluol are also added at this stage. The
temperature of the mass during mixing probably averages near
60CF,

The mass as it leaves the mixer resembles a light dbrown
suger. By means of the heavy duty blocking presses and the
macaroni presses, 1ts plastic properties make 1% possible to
produce a dense gsemi-transparent amber structure of hornlike
consistency. If the mixing through the presses has been
properly done and 1if the base nitrocellulose i1s normal 1n
composition, the possibllity of uncolloided nitrocellulose 1s
practically eliminated. Dr. Storm reports that some work was
done to improve the kneadlng operation by making use of ma-
chinery such as used in the rubber industrye. These mixers
have broad blades that force the material agalnst the sildes
of the mixing trough under great pressure. Under such con-
ditions more than mere mixing 1s accomplished. The result-
ing mixture loses 1ts flbrous gtructure and can be processed
directly through the final blocking press without passing

through the preliminary blocking and "macaroni" presses.

*a
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Apparently the procedure was never put into zeneral use.

Granulation of the powder 1s accomplished in the gralining
presses where the plocks of colloided nitrocellulcse are forced
through steel dles to yleld a2 perforated heavy walled cylinder.
The dlameter of the strand 1s prescribed according to the size
of the gun for which the ultimate powder is intended. The
larger the bore, the greater the diameter of the strend. As
the strand is carried from the machine, 1t 1s delivered over
rolls to a cutting machine where 1t is reduced to units of
desired length. In this form the oroduce is called "green"
powéer.

The green powder has lost more ether than alcohol. How-
ever, a conslderable portion of the original solvent remalns.
Solvent removal 1s ordinarily practiced in two steps, a first
recovery of the major portion by use of warm alr from which
the recovered solvent 1s later extracted by chilling, and an
ultimate "drying" where solvent recovery appears impractical.
It is very important to control the rate at which the solvent
15 removed in order to avoid a case hardening effect which
makes 1t more difficult for the solvent to escape from the
interior of the grain. The exact schedule of temperatures
and time 1s carefully prescribed and 1s adjusted so that for
the larger gralns a longer time 1s allowed before the maximum
temperature of 45°C. is reached. No reliable figures were
obtained on the per cent recovery of the original solvent
used. Indirect calculations indicate an 80 per cent recovery.
A substantial shrinkage takes place 2as the solvent is removed.

This shrinkage factor 1ls very important and will be viewed
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more specifically.

The final removal of solvent may be carried out by air
drying or by water treatment. In the alr drying procddure
the powder is subjected to a preliminary temperature of 4300.
for 30 days, after which the temperature 1s raised to 55°C.
and held there untill the solvent contained has been reduced
to the deslred level. The time to accomplish this varies dee
pending agalin upon the size of the grain. For small grain
powders, 30 days may suffice. For large grailn powders, 90 to
150 days are often necessary. In the case of the very large
grains, it has been found advisable to hold the powder in
the drying house for about two weeks before heat is applled.
The drying 1s carried out until the gralns have reached a
speclfied solvent content which depends upon the size. For
smaller grailns the residual solvent may be as low as 3 per
cent, for the larger grains as high as 7.5 per cent. This
control is essential inasmuch as 1t influences the rate of
burning of the finished powder.

In the water treatment that 1s sometlmes used for the
final removal of solvent, the powder grains are immersed in
warm water by which the solvent is reduced to the desired
degree. Tlme required is considerably less than in the air
drying operation. Ultimate removal of water l1ls also readily
achleved. There appears to be some question regarding the
successful application of the water drying step except when
the NH (non-hydroscopic) powders are used. It is understood
that most of the Army FNH powders are manufactured by the wet

drying process and that the Navy pyro powder, which contains
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no dibutyl phthalate and dinitro toluol, 1s air dried.
Whether the water drying step can exaggerate the difficulties
of grain breakage when the nitrocellulose graln 1s near the
lower level of acceptable strength is not clear although this
information may be known to those who are close to the in-
dustry. There 1s also the possibility of some denitration
except in those cases where the wet drying procedure 1s prace—

ticed with the FNH powderse.

Powder Grains

The War Department Technical lanual states that "the best
form of granulation from a ballistic point of view 1e first,
that which with the smallest weight of charge willl impart to
the projectile the prescribed muzzle viscosity within the 1
permitted 1limit of maximum pressure; second, that which will
cauce minimum erosion to the bore; and third, that which shows
maximum regularity in ballisties". The size and the deslign
of tne individual grain is a determining factor. The form
determines the area of burninyg surface which in turn controls
the rate of burning and ultimately the pressure.

The ettached print shows several types of grain design.
The strip, cord, and single perforated types are used mostly
for smaller caliber guns. The rosette form is little used
in this country. The muiltiperforated grain has recelved

special =ttention in connection with the problem =t hand.

The print 2lso snows the manner in which a multiper-
forated grain changes 1ite form mec burning takes place. Whnen

the walls have burned throush, triangular pleces called slivers
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remaln and ere ° = usntly expelled from the bere of the gun
in unburned foru. 'ne web of the grain is an all imporitant
dimension. It i1s the mean thickneas between any tvwo parallsl
surfaces. The "average webh" 1g the mean between the outer and
the inner webs. By varying the web thickness oY the powder
for a given wegpon and projectile, 1t 1ls possible to adjust
the weight of the propellant charge to meet the ballistic re-
auirementse.

Length of grain ig related to the gralin dlamefer and to
the dlameter of the perforation. Thus in the cage of nultie
perforated grains the following formulae are used:

L = 2.25 D

D = 10 &
where L o= Gengtl
o y i dlameter

d = dlaneter of the perforation
It is ordinarily specified that the difference in the ocuter
and the inner web thickness must not exceed 15 per cente
With the single perforated grains the length ig specified
at from 3 to 6 times the overall dlameter and the dismeter of

the perforation at one-third that of the grain itself.

Compoeition of Powder Graln

The single base powder grain coniains

(a) MNitrcceil i ilose of prescribed nitrogen content. It
may be a biend or Llower and higne: trogen con%ent material
ae in the FNH powders o gingle proiuect ¢ 1n the pyrc powder

3 proeduce - The avy.
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(b) A small percentage of stabilizer.

(c¢) A certain residue of solvent that was used 1n the
colloiding stepe.

(d) A small residue of water.

(e) Plasticizer if such i1s ueed in the mixture.

(f) Graphite in the case of emell arms (rifle powder).

(g) Adventitious residues, (ash, etc.).

Tschappat point out that mogt of the ether has been re-
moved from the grain in the drying process and that the sol-
vent residue is largely azlcohol. He also illustrates the
importance of careful control of nron nitrocellulose components
inasmuch as they play an important role in the potential
"energy" of the composite. Thus, he states, & one per cent
alcohol content is equivalent to 2.5 per cent inert matter
and that some stabllizers are equlvalent to four times thelr
welght as inert matter. He does not discuss the recently
uged plasticlzers.

Ag already stated, the residual solvent in the powder
grain 1s carefully controlled by frequent tests of the powder
in i1ts last stages of drying. The percentages specified de-
pend on powder grain size and may renge from 3 per cent in
the smallest grains to as high 2as 7 per cent in the very large
sizes. Speclal precautions are taken to avoid further loss of

solvent. Conditions of storage of powder are very important.

Shrinkage of Powder During Removal of Solvent

The selection of die through which the green powder 1s

extruded must obviously depend upon the shrinkage of the




-t

grain during solvent removal. Although shrinkage takes place
in all directions the one that is most lmportant is that
which occurs in the web, Shrinkage in length of grain may
range from 5 to 10 per cent, whereas the web shrinkage 1is
nearer 30 per cent, showing a distinct orientation of the
cellulose nitrate chains in the process of extrusion. The
inner web shrinkage in the case of multiperforated powder is
generally less than the shrinkage of the outer web., It was
reported at Indianhead that whereas the web shrinkage in the
case of both the cotton and the wood cellulose nitrete pow-
ders was about the same, namely 28 per cent, the shrinkage
along the length of the grain was about 3.4 per cent in the
case of the cotton znd 1.3 per cent in case of the wood cel-
lulose products. It must be remembered that these data re-
late to a wood cellulose nitrate containing 12.6 per cent
nitrogen and produced by the Hercules Powder Company. No
corresponding figures were obtainable from the fabrication
records of powder that was made by the FNH formula.

Although there is little documentary evidence, experience
shows that shrinkage can very widely with the amount of zo0l-
vent used, the properties of the nitrocellulose, the size of
the grain, and possibly with the type of solvent used. It is
common practice to make the selection of the die after experi-
mental lots of powder have been prepared from a given colloided
mixture. Ununiformity in nitrocellulose or in processing may
occacslion frequent changes in die size to maintain & desired
graln dimension. It is reported that in some instances the

diameter of the green powder increases during a period after
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it has been extruded and before evaporation of solvent takes
place. This post sweiling phenomena is mentioned agein in

the "questionnaire" and some general explanation 1s offered.

The Action of Solvents on Nitrocellulose

When solvents are added to nitrocellulose, swelllng oc-
curs and if enough solvent 1is present, the gelatinized mass
then passes into a liquid solution. The path 1g not clearly
defined. The rate and the degree of swelling depends, among
other things, on

(a) the composition of the nitrocellulose;

(b) the physical properties of the nitrocellulose;

(c) the solvent;

(a) time, temperature and menner in which mixing 1s
effected.

No explanation of the mechanlsm of the phenomena 1s here
attempted. That phase of the problem is part of the study
that has been undertaken by Dr. Peuling. Thle summary con-
fines itself to & record of pertinent references in the
literature, to the suggested explanatlions of the technologists
who were interviewed, and to a number of viewpoints that have
occurred to the wrlter.

Most evidence points to the fact that nitrocellulose as
made commercially i1s not a "pure" product but a composite
that contains components with different percentages of nitro-
gen. Two samples of nitrocellulose may contain identicel
percentages of nitrogen and show very different analysle when

frectionated by means of selected golvents. It is well known
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that the several nitrocelluloses respond very differently to
the usual solvents. The high alcohol solubility of certain
low nitrogen producte and the alcohol insolubility of the

13.4 per cent product 11lustrate the point. Hence mass treat-
ments of commercial nitrocelluloses of the same nitrogen con-
tent can show very different behavior. Weiszenberger (U-7)
glves some experimental data to show that cellulose nitrates
as mede commercilally are composites of several nitrates, and
in some cases with unnitrated cellulose renaining in the
composlite.

Kanamaru and Ueno (D-2) describe a new process for de-
termining the swelling properties of cellulose esters. The
work is confined to & nitrocelivlose that has a 13.5 per cent
nitrogen content. Thia nitrate was prepared by the asuthors.
Nitrating acild contained 6% per cent sulfuric acld, 27.5 per
cent nitric acid, 9.5 per cent weter. The product was care-
fui.y purified and dried in vacuun and over P205.

The following reagents were used eilther by themselves
or in mixtures: ethyl alcohol, ethyl ether, benzol, acetone,
ethyl zcetate. Description of method and of unilts 1s glven
in great detall. e swelling propertlies are Judged directly
by the change in Z potential with Time. Althougl: the data
’includes a great many figures thet deal with other solvent
mixtures, attention 1s aipected at this moment to the figures
that retlate to ether-—sl ol rompogitions. The experimental
program included wori that wee done with 100 per cent ether,

with 100 per cent alcohol, and with various percentages of

@ach. Although a detnailed abatrect is included in the appendix
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of this report, it is well to note here that in a sumnary
table the authors show thet a maximum swelling effect 1s
reached with a mixture that contalns 4O per cent ether and

60 per cent alcohol by volume. The following figures are

cited:
Ether-Alcohol
Vol. % Ether L;Z Q (degree of welling)
)

0 6.63 942
20 79.43 3645
40 sK.us 73.1
60 gl 42 575
80 42.17 26,0

100 00 2.8

A2 =2 -2

where Zo 1s the potential immediately after immersion
and Zg 1s the asymptotic value of the potential reached
after a number of hourse

@ = grams of solvent taken up by 100 grams of nitro-
cellulose.

Note particularly that there is hot a major difference in
swelling properties in a range from 20 per cent ether to
60 per cent ether. The overall difference in that particular
range is shown by the Z potential factor of 79.43 in the case
of the lower ether mixture to a maximum of &7.46 with the
solvent that contains 40 per cent ether and a reduction in
the factor to &L,42 when the ether content of the solvent
has been increased to 60 per cente.

Measurements were made to determine the degree of
swelling and here also the maximum value was obtalned with a
solvent that contains 4O per cent ether. The difference in

degree of swelling with lesser and grezter ether contents in

the solvent 1is more marked than is shown in the table of 2
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potential factor.

" In the J. Soc. Chem. Ind. of Japan, 1938, Kanamaru, et
. ‘ Takada, and Maeda (C-11) discuss similar work that was car-
ried out with pure solvents and with nitrates that contained
respectively 13.52 per cent, 13.27 per cent, 12.83 per cent,
and 12 per cent nitrogen. All of these nitrates were pre-
pared by the authors. The swelling properties were studlied
in much the same manner as described in the article cited
above. In this case emphasis is placed on differences in be-
havior of the nitrates with esch of the solvents in question.
The three solvents specifically studied were water, ethyl
alcohol, and methyl alcokol. It appears that the methyl al-
cohol is a much better swelling agent than ethyl alcohol.
This holds for each of the nitrates studied. It 1is interegt-
ing to note that in the case of the methyl alcohol full solu-
bility occurs with a nitrate that has a nitrogen content as
high as 12.3 per cent, whereas with the ethyl alcohol complete
solubility occurs only in those cases where the nitrogen con=
tent 1s less than 11.2 per cent. More complete abstracts of
each of the two articles by Kanamaru appear in the appendlx.
Gibson‘and McCa211 (V-1) report on the viscosity of
ether-a2lcohol solutions of nitrocellulose containing about
12.2 per cent nitrogen. Four per cent golutions were made
at 20°C. The épecific gravities of the ether and the alco-

hol were .72 and «817 respectively at 15°C. The following

.
[y}

results were obtained:




% Ether

< 7=

% Alcohol

Viecoglity

by Volume by Voluwae 'Falling ball
L o in seconds)
69 2c 16047
3 3 2
/(‘ .
60 1o 28,8
EO 50 23,1
5 55 26.1
)40 60 30.
30 70 90.

Ag the nitrogen content of the nitrocellulose 1lncreases,
the percentage of ether in the mixture must be increased %o
obtain a2 minimum vigcosity and this ninimun viscosity also
varies with the nitrogen content., The fcllowing table 1l-

Justrates typlcal values:

Stettbacher (H~16) states

% Nitrogen Minimun Optimum
‘ content Viscnsit{ ether:aleochol
. { seconds Ratio
, 11.8 3.8 50—20
i 12.°2 2251 53=47
I 12.55 705 70-30

that the most favorable mix-

volume of
‘ with a 95
the usual

alcohol,

ture 1s one volume of ether of gpeciTlc gravity 720 and one

alcohol when 99.5 per cent alcohol is used and that
per cent alcohol, maximum solubility occurs with
mixture .of twe volunies of ether and one volume oF

There 1s no evidence in the reference that similar

work was carried out with nitrates that contain as high as

1%3.4 per cent nitrogen. Stettbacher also states that the

“high nitrated" cellulose cen be gelatinized at low tempera-

turegs. No mention is mede of the exact nitrogen content of
the base aateriale

l Meder ! ( '6) mentions A greatest gelatinlzing effect
with 65 p ;v ts of aleohol but » o
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state the water content of the alcohol.

In Alexander's Colloid Chemistry (Vol. IV. pp. 91) Storm
reports that i1t has been found that when cellulose nitrate is
immersed 1n dry alcohol or dry ether at temperatures ranging
from ~%0°9C. to 110°C. very little swelling occurs. He cites
an example whepe a nitrate film that was immersed in ether
and also in abgolute alcohol for several days increased 1ts
weight 28 per cent and 68 per cent respectively. When 5 per
cent alcohol was added to the ether the welght increase was
75_per cent snd more alcohol caused further incresse. On the
other hand, the addition of 2,5 per cent ether to the alcohol
increased the swelling five-fold.

magson (V-5) states that a fibrous cellulose nitrate ab-
sorbs both ether and alcohol vapers very readily. Absorption
reached a maximum with equal molecular parts of alcohol and
ether.

In some work done by Mardles (g-1) he reports that he
found that wlith solvent mixtures explored the rate of gswell-
ing is highest when the total swelling is greatest.

McBain (0-7) concluded from experimental deta that with
a given sample of nitrocellulose, solutions in various sol-
vents show that the viscosity is inversely proportional to
golvent power.

The heat of swelling has been taken as a criterion of
solvent power. A. P. Okatow and S. I. Emmanuilowa (F-2) re-
port a greatest heat of swelling of nitrocellulose found with
a solvent contalining eogurl parts of ether and alcohol and

that the veloeclity of swelling and solution formation 1is
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greatest at the boiling point of solid carbon dioxide. They
also report that the swelling 1s favored by the application
of pressure. They advise for best results a combination of
low temperature, higher pressures and longer applications of
pressure to obtailn optimum swellinge

Fred Olgen (M-3) discusses the effect of the original
fiber structure on the swelling of the nitrocellulose and
points out certaln differences in the behavior of cotton nil-
trate and wood cellulose nitrates.

‘Stettbacher claims that a given powder made from an
acetone colloided nitrocellulose 1is denser and much less
censitive to moisture than one produced from an ethier—alcohol
colloid. He explains it by a better gsolvent action of the
scetone on the high nitrated cotion, whereas ether-alcohol
causes 1t to swell only. Again the exact nitrogen contents
of the base product are not mentionede.

Stettbacher refers to Berl (Die Schiess und Sprengstoffw.,
1933) who correlates the ease of aitrocellulose swelling with
the degree of which the nitrocellulose has been depolymerized.
He states that a low molecular weight nitrocellulose 1s much
more susceptible to swelling than others of the same nitrogen
contente.

sedwvedew (H-7) mentions work done to fractionate nitro-
cellulose into several portions by addingz =cetone water mix-
tures to ether-alcohol solutions of the nitrate. Nc reference
j¢ made to the solubility of the se&eral portions so prepared.

Jemouzin (H-4) points out thet nitrocellulose solublillties

can be effected by a seml oerieable membrane of the lesser

B}




soluble nitrocellulose that remains on tihe outside of s fiber
aggregate and that one can obtain higher solubilities by
making the interior portions more readlily avallable.

K. Atsuki and Ishiwara (H-14) examined nitrocellulose
that had been gelled and cast into films. X-ray study was
made. A 13 per cent nitrogen product admixed with nitro-
glycerine when converted into film by means of acetone sol-
vent and by ether-alcohol solvent showed & more uniform struc-
ture with the acetone than with the ether-alcohol. The latter
film appeared as a network structure with inner distorted and
heterogeneous distribution of the molecular surface contact.
They state that on drying an acetone solution of nitrocellu-
lose, the solute may be kept in a state of dispersion until
the amount of acetone becomes very little and this residue now
adheres to the nitrocellulose as a molecular compound. In
the ether-alcohol solution the ether evaporates first and the
solute becomes insoluble, remalning in a swollen state during
drying. It seems that the zel of the more depolymerized prod-
ucts are more regular in crystalline properties and that the
crystal unit 1s smaller. He cguotes Trillat that the cellulose
nitrate of nitrogen ner cent above 12.95 has a more marked
crystally character than a lower per cent nitrogen material.

Sacharov (F-4) discusses the application of ether-alcohol
in the manufacture of smokeless powder and gives a complete
example of the ether-alcohol balance. The original may con-
tain some information more especific to the problem at hand.

lixcept in the case of mixed base exploslves such as typi-
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